ABSTRACT
INTRODUCTION
Elucidating DNA-protein interactions at the molecular level was found decades ago to be a prerequisite to the understanding of gene regulation both in vitro and in vivo. Consequently, a number of technical procedures were designed to locate where nuclear regulatory proteins bind along the regulatory sequences of those genes whose expression is allowed in a particular cell. DNA footprinting procedures such as DNaseI and Exonuclease III (Exo III) footprinting (1) were the first to appear. Both are based on the protection of the target DNA sequence bound by a specific transcription factor from the enzymatic digestion of the area of interest by DNaseI or Exo III. However, since an enzymatic reaction is required for both procedures to be completed, precisely adjusting the assay's parameters to reveal the protected areas might turn out to be a very difficult and time-consuming task. Furthermore, the fact that more than 50% of the target-site bearing labeled DNA molecules need to be occupied by the specific DNA-binding protein to yield a protected site in DNaseI footprinting might require as much as 75-100 µ g crude nuclear proteins, which renders the sensitivity of this procedure rather low. The electrophoretic mobility shift assay (EMSA) is undoubtedly one of the easiest and likely the most powerful procedure available to study DNA-protein interactions. EMSA is a very sensitive technique. Since it is based on the specific alteration in the electrophoretic mobility of the labeled DNA probe through its recognition by nuclear proteins upon autoradiography, as little as 0.5% binding to the target sequence is sufficient to yield a visible shifted complex in native polyacrylamide gel. Because of these particularly attractive properties, EMSA has become extremely popular as a complementary technique to gene expression studies. It is therefore not surprising that EMSA has led to the development of an impressive number of whole new and innovative procedures aimed at elucidating DNAprotein interactions over the last few years (2, 4, 13, 14, 20) . Most EMSA experiments are presently performed using nuclear protein preparations obtained either from primary cultures or established tissue-culture cells. The use of either crude or enriched nuclear extracts obtained from whole animal tissues obviously offers a major advantage as a source of material when further protein purification and isolation is anticipated. However, one major problem of selecting nuclear extracts from whole animal tissues as the source of proteins for the EMSA is the fact that some, if not all of them, are often contaminated with undesired enzymatic activities (including proteases, deacetylases, DNases and phosphatases), which can reduce considerably the sensitivity of the assay. Tissue protease and DNase activities are well documented and can easily be prevented from interfering with the sensitivity of these assays by supplying the reaction buffer with inhibitors specific for these activities.
In addition to these enzymes, most tissues are known to express one or more of the various types of tissue phosphatases that have been reported to date. These include enzymes that are expressed either in a tissue-specific manner, such as the rat bone/liver/kidVol. 24, No. 6 (1998) BioTechniques 965
Figure 2. Competitions in EMSA.
Crude nuclear proteins from rat liver and kidney were incubated with the Sil1-labeled probe either with no competitor (C+) or with a 500-fold molar excess of double-stranded oligonucleotides bearing the DNA sequence of Sil1 or that recognized by the transcription factors Sp1 and NF1. Incubation proceeded at 4°C for 10 min. The position of the L1, L2, K1, K2 and K3 DNA-protein complexes is provided along with that of the free probe (U). P: probe with no proteins added.
ney/placenta alkaline phosphatase (AP) (21) or the members of the acid phosphatase family [which comprise the prostate acid phosphatase (PAP) (11)] or in a non-tissue-specific manner, such as the tissue nonspecific alkaline phosphatase (TNAP) (8) . Tissues such as the liver, the kidney and the bone have been reported to be rich in these enzymes [particularly the AP type (12)].
Most of the phosphatase activity is localized to the cytoplasm, yet a substantial portion of these enzymes (which also comprises AP) has been found in cell nuclei (9, 18, 19) . This explains why most nuclear extracts get contaminated by these enzymes in the course of their preparation. Because contaminating tissue APs have the ability to dephosphorylate the 5 ′ end of the labeled DNA probes that are normally used in EMSA (6), it is likely that these activities will drastically lower the EMSA's sensitivity by preventing the detection of the labeled signal corresponding to gel-shifted, DNA-protein complexes. In this study, we evaluated the influence that contaminating phosphatases from various whole rat tissues might have on the specific detection of DNA-protein complexes in EMSA and propose noninvasive procedures that can be selected to restore the assay's sensitivity at no further expense and without any modification in the composition of the buffer system used for the assay.
MATERIALS AND METHODS

Electrophoretic Mobility Shift Assays
The double-stranded oligonucleotide Sil1 (5 ′ -GATCCAAACGATGGTACC -CTGCCAGAGTATCCTA-3 ′ ), containing the proximal silencer-1 element (Sil1) from the rat growth hormone gene that also bears a binding site for the rat liver NF1-L transcription factor (15), was synthesized and 5 ′ end-labeled using T4 Polynucleotide Kinase (Amersham Pharmacia Biotech, Baied'Urfé, QC, Canada) and [ γ -32 P]dATP (NEN Life Science Products, Boston, MA, USA). Crude nuclear extracts were prepared from whole rat tissues (liver, brain, testis and kidney) as previously described (7)
, pH 7.9, 20% glycerol, 0.2 mM ethylenediaminetetraacetic acid, 0.5 mM phenylmethylsulfonyl fluoride). The reaction mixtures were then loaded on a 10% native polyacrylamide gel and subjected to electrophoresis against Tris-glycine buffer (1). Gels were dried and autoradiographed at -80°C. The signals corresponding to both the free probe and the shifted complexes were quantified by analysis on a PhosphorImager ™(Molecular Dynamics, Sunnyvale, CA, USA).
Competition Experiments
For competition experiments in EMSA, similar conditions as above were used, except that the labeled Sil1 probe was incubated for 10 min at 4°C with 10 µ g of crude nuclear extracts from rat liver or kidney, in the presence of a 500-fold molar excess of either of the following unlabeled double-stranded oligonucleotides: Sil1, Sp1 (bearing the high-affinity binding site for the positive transcription factor Sp1 [5 ′ -GATCATATCTGCGGGGCGGGG -CAGA CACAG-3 ′ (3)]) or NF1 (bearing the target sequence for human HeLa CTF/NF1 in adenovirus type 2 [5 ′ -GATCTTATTTTGGATTGAAGC -CAATATGAG-3 ′ (5)]).
RESULTS AND DISCUSSION
Formation of Specific DNA-Protein Complexes is Affected by the Length of the Incubation Period
Phosphatase activities (particularly AP) are known to be very important in tissues such as the liver, the bone and the kidney (21) . Because these phosphatases select the 5 ′ -[ 32 P]-end-labeled probes used in EMSA as their substrate, they have been recently suggested to interfere with the sensitivity of the EMSA (6). To evaluate the extent of such a detrimental influence exerted by tissue phosphatases, crude nuclear extracts were prepared from various rat tissues (liver, brain, testis and kidney) and tested in EMSA for periods of time ranging from 1-30 min. The target DNA sequence used as the labeled probe consisted of a synthetic, double-stranded oligonucleotide bearing the binding site for the rat liver form of the transcription factor NF1 (termed NF1-L) that has been identified in Sil1 from the rat growth hormone gene promoter (15) . This NF1 binding site-bearing oligomer has been previously reported to also bind other members of the NF1 family of transcription factors that are expressed in tissues such as the liver, the kidney, the testis and the lung (10, (15) (16) (17) .
As shown on Figure 1A , incubation of the Sil1-labeled probe with crude nuclear proteins prepared from whole rat liver yielded two distinct DNA-protein complexes (L1 and L2) easily detectable after only 1 min of incubation at 22°C. However, allowing the binding reaction to proceed further up to 30 min (which is the average, widely used period of incubation in EMSA) resulted in a drastic reduction of the labeled signals corresponding to both the bound and the free probe. This vanishing effect likely reflects extensive dephosphorylation of the labeled probe by contaminating tissue phosphatases (6), ultimately leading to total, and nearly total, disappearance of the shifted L1 and L2 signals, respectively. An even more drastic decrease in signal strength is observed when crude nuclear proteins from rat kidney are incubated with the labeled probe for the same period of time. Indeed, all three shifted DNA-protein complexes (K1, K2 and K3), and the free probe itself, became totally undetectable after 30 min of incubation at 22°C. A similar, but somehow less intense, loss of signal is also observed with the testis nuclear extract, whereas no such phosphatase activity is apparently interfering with the detection of DNA-protein complexes when crude nuclear proteins from rat brain are used. These results suggest that action of the tissue phosphatases is negligible when only 1 min of incubation is used to allow DNA-protein interaction. Such a short time of incubation is obviously sufficient to allow binding of nuclear proteins to their target sequence in vitro at 22°C (but not when the temperature is brought down to 4°C, see Figure 1B) . Furthermore, the above results provide evidence that probe dephosphorylation does not occur equally when nuclear extracts from different tissues are used. This is consistent with previously published studies in which both the kidney and the liver, but not the testis nor the brain, were reported to express high levels of TNAP in species such as human, mouse, rat and rabbit (8, 21) .
Sho r t Technical Repo r t s
Lowering the Temperature of Incubation Reduces Target Probe Dephosphorylation
Since most enzymatic activity is usually impaired when reducing the temperature at which the reaction is performed, we tested whether performing the binding reaction at 4°C would significantly affect the strength of the shifted complexes identified in Figure  1A . As Figure 1B indicates, the labeled probe used for the binding sustained very little dephosphorylation even when the incubation period extended up to 30 min (50% of the labeled probe remaining at 4°C compared with 9% at 22°C in liver and 65% compared with only 1% at both 4°and 22°C, respectively, in kidney, as evaluated by PhosphorImager analyses [data not shown]), suggesting that most of the contaminating tissue phosphatases were unable to function properly at 4°C. Consequently, formation of complexes with the liver, the testis and the kidney extracts was recovered to levels very similar to those obtained when only 1 min of incubation was allowed at 22°C ( Figure 1A) . PhosphorImager analyses of the labeled signals corresponding to both the shifted DNA-protein complexes and the free probe indicated that performing the incubation for 30 min at 4°C rather than 22°C resulted in a 5-fold increase (61 190 U/mm 2 compared with 13 307 U/mm 2 ) in the sensitivity of the EMSA to detect the L2 complex (data not shown). The recovery in the binding of K2 to the Sil1-labeled probe when similar binding conditions are selected is even more impressive, resulting in a 60-fold increase (29 639 U/ mm 2 compared with 496 U/mm 2 ) in the EMSA's sensitivity to detect this kidney-specific, DNA-protein complex at 4°C (data not shown).
To verify whether some of the complexes whose formation is affected by the binding conditions used above were truly interacting with the Sil1-labeled probe in a specific manner, competition experiments in EMSA were conducted. Unlabeled double-stranded oligonucleotides bearing various transcription factors binding sites (Sp1 and NF1) were used as unlabeled competitors, along with unlabeled Sil1. As shown in Figure 2 , formation of both the liver L2 and the kidney K2 complexes was readily prevented by a 500-fold molar excess of the Sil1 and NF1 oligomers, but not at all by a similar excess of the Sp1 oligonucleotide, confirming that L2 and K2 result from the recognition of the labeled probe by a member of the NF1 family (10, 15, 17) . Interestingly, formation of both K1 and K3 was efficiently prevented by Sil1 but not by the Sp1 and NF1 target site-bearing oligomers, indicating that nuclear transcription factors other than NF1 also possess the ability to interact with the Sil1-labeled probe. We conclude from our results that alkaline phosphatases from tissues such as the kidney or the liver can indeed strongly impair the sensitivity of the EMSA when formation of the DNAprotein complexes is allowed to proceed for 30 min, which is a standard incubation period in EMSA. However, we provided evidence that performing the assay for no more than a few minutes at room temperature (in this case, 22°C) is clearly sufficient to allow the formation of any specific DNA-protein complex and to prevent the deleterious influence normally exerted by tissue APs. Alternatively, very similar results can be achieved by performing the binding reaction for 30 min but at 4°C. These alternatives allow for efficient recovery of the EMSA's sensitivity at no additional cost and without modifying the composition of the buffer system selected, as would be unavoidable when phosphatase inhibitors are added to the binding buffer.
